In the adult rat, starvation during 48 hours led to a three fold increase of lactase specific activity in the intestinal brush border membranes. Thyroxine injection during the three days before death (0.5 ,ug/g daily) inhibited the stimulation of lactase activity induced by starvation without modifying sucrase activity whereas hydrocortisone injections (25 ,u g/g daily) or thyroidectomy did not modify the stimulatory effect of starvation on lactase activity. These results suggests a specific hormonal control of intestinal lactase activity in the rat.
SUMMARY
In the adult rat, starvation during 48 hours led to a three fold increase of lactase specific activity in the intestinal brush border membranes. Thyroxine injection during the three days before death (0.5 ,ug/g daily) inhibited the stimulation of lactase activity induced by starvation without modifying sucrase activity whereas hydrocortisone injections (25 ,u g/g daily) or thyroidectomy did not modify the stimulatory effect of starvation on lactase activity. These results suggests a specific hormonal control of intestinal lactase activity in the rat.
Functional adaptation in the intestine of the rat occurs simultaneously with the dietary carbohydrate change taking place at weaning, leading to a marked decrease in lactase activity and stimulation of sucrase activity. ' 2 It has been shown that lactase activity in the intestine of adult rat was enhanced by dietary lactose>5 but also by various carbohydrates.69 No specific stimulation however, was obtained under these conditions as the increase of other brush border enzyme activities (sucrase, maltase) paralleled that of lactase activity. Up to the present, the only known condition that led to a specific stimulation of lactase activity was food deprivation.101' As shown previously" food deprivation provoked a significant increase in the specific but also in the segmental activities of jejunal lactase during the first 24 hours of starvation, maximum stimulation being reached by 48 hours, whereas the activities of other brush border enyzymes either were not modified or were decreased. In contrast, it has been shown that sucrase activity was specifically enhanced by dietary sucrose in the intestine of adult rats [12] [13] [14] Thyroidectomy was carried out one month before experiment initiation, the thyroid being dissected out under the dissecting microscope.
EXPERIMENTAL TECHNIQUES
To obtain sequential cell release from villus tip to the crypt base, the intestinal segment was everted and submitted to successive incubations of 10 minutes at 37°C in phosphate-buffered saline (no Ca2+, Mg2+) containing 1.5 mM EDTA and 0.5 mM dithiothreitol under agitation at 150 rpm in a waterbath shaker, the released cells were collected as described earlier. 14 20 The cell fractions or the whole mucosa obtained after scraping the entire intestinal segment with a glass slide were homogenised in 50 mM mannitol, 2 mM Tris (pH 7. 1). Brush border membranes were isolated from the whole mucosal homogenate as described previously.21 22 
Results

EVOLUTION OF LACTASE ACTIVITY ALONG THE VILLUS-CRYPT AXIS
When compared with the normally fed rats, those fasted during a 48 hour period showed an increase in lactase activity all along the villus axis, maximum stimulation occurred in the mature enterocytes from the villus tip (Fig. 1) . A daily injection of thyroxine during the three days before death inhibited the stimulation of lactase activity induced by starvation, the pattern of lactase activity of the starved rat receiving thyroxine was then similar to the one observed for the fed rat (Fig. 1) .
MODIFICATIONS OF SUCRASE AND LACTASE SPECIFIC ACTIVITIES IN BRUSH BORDER MEMBRANES
The specific activity of sucrase was not modified by starvation in the various experimental conditions when compared with the activity measured in the 
Discussion
This study clearly showed the dependency of intestinal lactase activity on the thyroxine concentration in the rat. Indeed, it was only be lowering the thyroxine level either by thyroidectomy or by starvation19 that a specific increase of lactase activity was obtained in the intestine. On the other hand, thyroxine injections inhibited completely the stimulatory effect induced by starvation on lactase activity without modifying sucrase activity, whereas hydrocortisone exhibited no effect on the activities of intestinal disaccharidases.
The thyroxine mediated effects on lactase activity did not result from modification occurring at the level of villus architecture or of protein mass. Thus, starvation during 48 hours caused a 20% shortening of the villus height in all conditions. Furthermore, the brush border protein yield was not significantly modified by the various treatments. In addition we can assume that the modifications observed in lactase activity were not mediated by changes in cell kinetics as it has been shown that a daily injection of tetraiodothyronine for 12 days provoked a marked decrease in jejunal brush border lactase which was caused by a direct effect and not mediated through variations in cell kinetics. '8 Of interest was the finding that starvation produced a stimulatory effect on lactase activity essentially in the mature cells of the villus and that this stimulatory effect was inhibited by thyroxine. Measurements of lactase activity along the villuscrypt axis performed 24 hours after the initiation of starvation led to similar results although the concentrations of lactase activity were lower all along the villus. The present results confirmed that two different cellular compartments were involved in lactase stimulation and in sucrase stimulation along the villus-crypt axis. Indeed lactase stimulation mediated by starvation or by dietary factors26 occurred in the mature cells of the villus whereas sucrase stimulation induced by dietary carbohydrates occurred mainly in the immature cells of the villus base. 14 26 27 An important aspect to be discussed in relation to our present findings is the fact that dietary carbohydrates have, under given conditions, a stimulatory effect on intestinal lactase activity as has been shown by many authors.-9 26 These results seem at first sight in conflict with the present report indicating a specific hormonal effect on lactase activity in the adult. Mainly two types of experimental procedures have been used to investigate the influence of dietary carbohydrates on brush border enzymes. In the first experimental procedure, rats were starved for several hours and then re-fed a high carbohydrate diet, under these conditions only sucrase and maltase activities were markedly increased by the diet whereas lactase activity was not modified.'3 14 27 In this case, lactase activity which was already enhanced by starvation was not further increased by the dietary carbohydrates which stimulated specifically sucrase and maltase activities.
In the second experimental procedure rats were kept for several weeks on a low carbohydrate diet and thereafter fed with increasing amounts of carbohydrates7-9 26 leading to a stimulation of not only sucrase and maltase, but also of lactase activities. This latter procedure led to a non-specific increase in lactase activity which might result from a general increase of cellular metabolism. A key role of thyroxine on the regulation of lactase activity can be proposed during the weaning period. At weaning the rat switched from a relative low-carbohydrate diet (milk) to a relative high-carbohydrate diet (50-60% carbohydrates) and this dietary modification led to increased activities of maltase and sucrase whereas lactase activity at the same time was 650) group.bmj.com on May 6, 2017 -Published by http://gut.bmj.com/ Downloaded from lowered and remained at a low level in the adult.' It is noteworthy that during weaning increased intake of dietary carbohydrates will have no effect on lactase activity. In fact, it is now well known that during the same period increased concentration of circulating thyroxine is detected16 and may explain the lowering of lactase activity. In adult rat, starvation by reducing the thyroxine concentration19 will cause increased lactase activity, a situation which has similarities with the suckling period by the fact that during this period thyroxine concentration is very low and associated with high lactase activity.
Our present results suggest that the regulatory processes involved in lactase activity in adult rat are similar to those operating during the postnatal period both involving thyroxine. The molecular mechanisms of the regulation of lactase activity by thyroxine remain entirely to be elucidated. This study was supported by INSERM and by DGRST (Grant n°81 L 1312). We would like to acknowledge the excellent technical assistance of Miss Francine Gosse and Michel Galluser.
